Abstract: China launched the sponge city (SPC) initiative in 2013 to reduce municipal stormwater runoff. The design criteria are mainly the annual comprehensive runoff coefficient (ACRC) regulated in a design guideline. Numerous SPC alternatives with varied low-impact development (LID) measures can be designed to meet the ACRC. Obviously, the optimization of SPC design is significant. This study provides an approach to SPC design optimization that applies an optimized module of SUSTAIN to simulate SPC performance over a 10-year period. The targeted volume reduction was derived from the SWMM model and corresponded to the ACRC criteria. Based on the reduction, the minimal cost and cost-effectiveness analyses were conducted. The proposed approach was applied to the Lincang Technology Innovation Park (LCTIP) as a test case. Three scenarios were analyzed: The original design implemented on the site, the landscape improved design, and the most economical design. The results indicated that the optimized alternative may save up to 12.3% of the cost while meeting that ACRC value. The approach improves upon SPC design, particularly with regards to flood control. The present research will help decision makers to develop and select the most appropriate SPC design that is most cost-effective.
Introduction
Rapid urbanization and increasing areas of impervious cover have led to a series of severe negative environmental impacts in urban areas. Urbanization frequently changes both the quality and quantity of runoff, which may enhance flood magnitudes, pollute surface water bodies, and lead to a shortage of groundwater resources. City flooding has become the most important and common impact of urbanization in China. For instance, on 21 July 2012, Beijing experienced a serious flood during a heavy rainstorm that killed 79 people and resulted in 1.78 billion US dollars in economic damage [1] . From May to June 2013, more than 12 cities (e.g., Chengdu, Kunming, Guangzhou, and Xiamen) experienced significant flooding. Over 270,000 people were injured during these floods, and hundreds and thousands of properties were lost [2] .
In 2013, Chinese authorities launched the sponge city (SPC) initiative aimed at alternating municipal stormwater flow such that it mimics natural processes for stormwater storage, retention, infiltration, purification, utilization, and drainage [1] . A year later (2014), Chinese authorities issued the Sponge City Development Technical Guide (SPCTG): Low Impact Development Stormwater System [3] . Low-impact development (LID) is a key technique used in SPC construction. However, SPC designs need to include comprehensive stormwater management systems that combine LID with green infrastructure (GI) and best management practice (BMP). At the building and site scale, such an approach uses the control of annual comprehensive runoff volume as the objective of planning and the
Approach to SPC Design Optimization
SPC design optimization is an evaluation of all potential SPC design options that meet the ACRC requirement set by the SPCTG to determine the combination of options that minimize total project costs and that is the most cost-effective. The SPC design options include the effects and costs of the LID methods contained within the plan. The optimization process includes three main steps: (1) The design of a SPC under the SPCTG mentioned above, (2) the simulation and calculation of the changes in runoff quantity and quality using SWMM, also, the data from field monitoring of water quality during 3 March to 7 December 2017, was used to calibrate the SWMM model, and (3) the simulation of the minimum cost and the cost-effectiveness of the plan using SUSTAIN. A flowchart of the SPC design optimization method is shown in Figure 1 . 
SPC Design
SPC design is based on data related to site-specific soil, hydrological, and hydraulic conditions, as well as local meteorological conditions, particularly rainfall. Based on the SPC SPCTG, the design goals include a reduction in runoff volume and the peak flow rate, and an increase in infiltration as well as pollutant abatement. Pollutants may be represented by a host of parameters, including total suspended solids (TSS), chemical oxygen demand (COD), biological oxygen demand (BOD), total phosphorous (TP), and total nitrogen (TN). As mentioned above, a reduction in runoff volume is often the main goal of SPC design. The only quantitative parameter specified by the SPCTG is the ACRC; the other requirements specified were qualitative. Nonetheless, it is important to control peak flow, pollutant dispersal, and infiltration within SPC designs. Thus, the design objectives should clearly involve these concerns. In addition, the priority of the design goals needs to be determined based on site-specific conditions and used to select appropriate LIDs, as well as suitable evaluation factors for the cost-effectiveness analysis.
According to the different LID characteristics and design goals, various LID options can be selected at the preliminary stage of the design process to meet the ACRC requirement. The ACRC value and the corresponding amount of rainfall needed to determine the reduction in runoff volume per square (m 3 m −2 ), can be obtained from SPCTG documents. The corresponding runoff volume can then be calculated and will be subdivided for each proposed LID by the LID's area of coverage as shown on the design layout. According to the amount of runoff that each LID will acquire, and the runoff coefficient of each LID, the area of each LID needed to meet ACRC requirement can be calculated and used to calibrate/adjust the area of each LID in the design. However, the design typically needs to be adjusted several times to obtain a final result. A detailed description of the calculation is provided in the SPCTG [3] .
This study examined three schemes with different combinations of LID methods that met the SPCTG requirement (ACRC ≤ 0.2). The dimensions and ratios of the LID methods used are listed in Table 1 . 
SWMM Simulation
The Stormwater Management Model (SWMM) is widely used by the USA Environmental Protection Agency [8] and is frequently used to model the effects of LID [9, 10] . It is especially useful in predicting how the system performs in reducing flood flows [11] . Temporally, it can be used for both the long-term simulation of runoff quantity and quality, or for short-term predictions (e.g., a single event). It is most suitable for modeling the hydrological/stormwater implications of LID in small areas and/or catchments [12] .
During the present study, a local 10-year (2005-2015) precipitation and evaporation record was obtained from statistical reports (Tables 2 and 3) , based on the tables, the design precipitation under design control targets can be acquired, then the corresponding 24-h time series could be acquired, which will be used as input for SWMM. The control targets are used conjunction with the designs mentioned previously to assess the reduction in runoff volume and peak flow rate, and to determine increases in infiltration and pollutant (TSS, COD, BOD, TP, TN) abatement. The analysis was conducted for 5 different stormwater return periods: 5, 10, 20, 50, and 100-year events. Three different LID schemes were simulated. The results of the modeling analysis are compared to SPCTG, and discussed for each of the five different return periods. The simulations show differences in the efficiency of the various combinations of LID methods on runoff quantity or quality, rather than simply specifying if they meet the ACRC requirement established by the SPCTG. The estimated result of the average flow reduction for the 10-year event was then used as the input to SUSTAIN optimization module as an evaluation factor (Table 4) , the reasons will be discussed following section. Runoff water quality monitoring data collected during individual flood events at the test site between 3 March and 7 December 2017, and 15 July and 30 August 2017, were used to calibrate the water quality parameters in the SWMM model ( Figure 2 ). The exponential function model inherent in SWMM can most effectively estimate the accumulation and erosion of surface pollutants (TSS, COD, TP, and TN). Thus, it was used in both the pollutant accumulation model and the scour model [13] . The timing between individual runoff events was set at 7 days. The parameters used in the model are listed in Table 5 and shown in Figure 2 . 
SUSTAIN Simulation
The System for Urban Stormwater Treatment and Analysis Integration (SUSTAIN) is a decision-support system developed by the USEPA. SUSTAIN can be used to analyze stormwater flow, pollutant discharge, and management options on multiple scales, temporally ranging from a single storm event to long-term, multi-year simulations [13] . By using SUSTAIN, BMP options can be selected and evaluated based on the BMP's cost and cost-effectiveness. The SUSTAIN modeling approach includes seven key components that are integrated into an ArcGIS platform. It includes a framework manager, ArcGIS interface, watershed model, BMP model, optimization model, post-processor, and Microsoft Access database. The key components are described below [14, 15] :
Framework manager: This is the command center of SUSTAIN, built using the ArcGIS platform. It integrates components from the GIS network such as streams and land use with relative simulation modules; it also checks the necessary data for the need for the simulation and optimization components, and plots time series data such as rainfall, runoff, etc.
Watershed module: It integrates local data with watershed simulation models to produce flow and pollutant loading data for the BMP/LID input.
BMP module: It is a simulation-based module to deduce the performance of BMPs. Optimization module: This module estimates cost, and compares performances and cost for various BMP/LDI options. While meeting user-defined decision criteria, it analyzes combinations of BMPs using two types of optimization search algorithms: Scatter Search and Non-Dominated Sorting Genetic Algorithm-II (NSGA-II). Scatter Search emphasizes relevant outcomes, keeping the ability to produce diverse solutions. It is effective at identifying the near-optimal solution with a specific target value. The Genetic Algorithm focuses on choosing "parents" randomly to produce "offspring" and to randomly select which components of the parents should be combined. NSGA-II is one of most efficient, multi-objective evolutionary algorithms. It performs better in solving the optimization problems related to watershed management than other evolutionary algorithms [15] .
SUSTAIN provides two optimization options: Cost minimization and cost-effectiveness. The cost minimization option identifies near-optimal solutions meeting user-specified management targets such as the desired water quality or/and quantity objectives. Cost-effectiveness identifies all cost-effectiveness options within the user-defined management range by developing a BMP/LID cost versus flow or pollutant-reduction effectiveness relationship as illustrated by a cost-effectiveness curve. The optimization equation can be formatted as below.
The objective is to:
For cost minimization, subject to: N j ≤ N maxj and/or M k ≤ M maxk , where BMP i the ith BMP/LID associated with location i, which forms the decision matrix; N j and N maxj represent the computed number of water quantity factors, and the maximum (max) value of the water quantity factor targeted at the assessment point j; M k and M maxk represent the computed number of water quality loading factors, and the maximum (max) value of the water quality loading targeted at the assessment point k.
For cost-effectiveness, subject to: N maxj1 ≤ N j ≤ N maxj2 , which represents the range of the flow volume-based stormwater management target; and/or M maxk1 ≤ M k ≤ M maxk2 , which represents the range of the pollutant load-based stormwater management target.
To help define the nature of the optimization problem, SUSTAIN was provided with the evaluation factors listed below:
Factors Based on Flow: Peak discharge, annual average flow volume, the frequency of flow exceedance;
Factors Based on Pollutants (TSS, TN, TP, or User Defined): Annual average load, annual average concentration, maximum days for average concentration;
Factors Based on Sediments: Annual average load, annual average concentration, maximum days for average concentration.
During the present study, SUSTAIN was used to simulate the minimum cost and cost-effectiveness of optimal combinations of LIDs. The annual average flow volume was selected as an evaluation factor. The factor (target) was derived from the SWMM simulation and equated for S1 to a 37.78% reduction in flows for events with a 10-year period return. The unit parameter (i.e., width, length, and cost) and unit variables (i.e., threshold, maximum, and increment) were used as typical variables and constraints (Table 5) , which were in accordance with SPC design under SPCTG (Table 1) . 
Description of Site
The Lincang Technology Innovation Park (LCTIP) is located in the Lincang City industrial park, Yunnan Province, China (Figure 3) , and is the first SPC in Lincang City. The climate is subtropical with an annual rainfall of 1093 mm and an average temperature of 17 • C; relative humidity is 71%.
The land-use is classified as M1, the 1st category of industrial land requiring less adverse environmental impacts than in residential and public areas [16] . The site encompasses an area of 3.78 ha. The terrain slopes at approximately 4.5% from the east (maximum elevation of 1453.2 m) to the west (minimum elevation of 1449.9 m). The land is occupied by buildings, roads, and green space, which is designed as a mixture of commercial, residential, and public facilities. The total construction area is 78,500 m 2 . The soil is clay. The groundwater is located approximately 1.0-6.8 m below the ground surface.
This project was designed in March 2016 by WALD, and construction was completed at the end of July 2016, when the project was approved by the local authority as a SPC demonstration project. The design objectives for the LCTIP are to (1) reduce the annual runoff volume by 80% (ACRC = 0.2), and (2) remove 60% of the total suspended solids (TSS) as specified by the SPCTG. The investment was $394,000 (all costs presented in US dollars). Figure 4 shows the arrangement of the LID measures, including green roofs, grass swales, rain gardens, vegetated areas, permeable pavements, and linear pavements. The total area covered by LIDs is 8382 m 2 , which is 22% of the total site (3.78 ha). The scale and rationale for each LID are provided in Table 1 as Scheme 1. Figure 5 shows the drainage pipes system. 
Scenario Analyses and Results

Scenarios Analyzed under the SPCTG
According to the SPCTG, the LCTIP (located in district II) should exhibit an ACRC of 0.15-0.2 for a corresponding annual rainfall between 22-26.8 mm [3] . Three schemes were designed as follows, each of which met the above ACRC requirement: Schemes 2 and 3 are extreme (end-member) options that emphasize either aesthetics or economics, respectively while meeting the ACRC requirements. The various types of LIDs used in both designs are a list in Table 1 . S1 has more permeable pavement, S2 has more green land (green spaces), green roofs, and rain gardens, and S3 has more green land.
Scenario Simulation Results by SWMM
The three schemes were simulated by SWMM to calculate the quantity and quality of changes in runoff. Local 10-year (2005 Local 10-year ( -2015 precipitation and evaporation data were used in the analysis (Tables 2 and 3 ) Results of the analyses follow.
SWMM Calibration
The runoff quality was conducted after completion of LCTIP in July 2016. There are 2 rainwater collection points, a rain gauge set on the rooftop of a building, and one rain barrel set onsite. In addition, 3 runoff collection outlets were established on the site, which allowed for the sampling of runoff waters and the determination of pollutant concentrations and loads. Based on water quality analyses conducted between 3 March to 7 December 2017, the mean pollutant loading from runoff is 3.07 mg L −1 for TSS, 21.09 mg L −1 for COD, 0.93 mg L −1 for TP, and 3.88 mg L −1 for TN. These data were used as input for the SWMM simulation. Two independent rainfall events occurring at 14:20 on 15 July 2017, and at 16:20 on 23 August 2017, were used for model calibration of water quality (Figure 2 ). The outlet water quality monitoring results are shown in Figure 6 .
The variety of surface contaminants and flush function parameter values is a list in Table 6 . The calibration results are shown in Figure 7 . 
Stormwater Runoff Quantity
Changes in the quantity of runoff (volume reduction, reduction in average flow and peak flow, an increase in infiltration) are shown in Table 4 . Changes in runoff quality (TSS, COD, BOD, TP, TN) are shown in Table 7 . For S1, runoff volume was reduced from 39.92% to 30.32% when the return period ranged from the 5-year to the 100-year event. The runoff volume changed from 26.4% to 28.57% for S2, and from 10.92% to 8% for S3. S1 was more effective at reducing the volume of runoff than S2 and S3. For all three scenarios, the changes in runoff volume decreased with an increase in the return period.
The amount of infiltration increased from 5.32% to 5.59% for S1 when the return period was between the 5-year to 100-year event. Infiltration increased from 3.29% to 4.66% for S2, and from 6.91% to 5.54% for S3. The change in infiltration as a function of flow recurrence varied between the scenarios. With an increase in the return period, infiltration increased for S2 and decreased for S3. The amount of infiltration did not change as a function of flow frequency for S1. The average and peak flow magnitude of S1 changed from 38.85% and 21.39% to 24.48% and 28.49%, respectively when the return period changed from the 5-year to 100-year event. For S2, the average and peak flow changed from 28.57% and 41.46% to 27.27% and 41.39%, respectively. For S3, the change was from 14.29% and 52.61% to 11.36% and 51.03%, respectively. These trends indicate that S1 performed better in reducing average flow magnitudes than S2 and S3, but for a reduction in peak flow, S3 was better than S1 and S2. The reduction in average and peak flow magnitudes did not change with an increase in the return period for S2 and S3, but the amount of reduction in both decreased for S1 with an increase in the return period of the event.
In summary, S1 with more permeable pavement performed well with regards to a reduction in runoff volume but performed poorly in reducing peak flow rates. S3, characterized by more green land (green space), performed well with regards to peak flow rate and infiltration, but poorly in reducing runoff volume. S2, characterized by more rain gardens and grass swales, exhibited the least reduction in runoff volume and peak flow rate with an increase in the return period and produced the most increase in infiltration. This is because vegetated LID measures strongly influence infiltration.
Stormwater Runoff Quality
Changes in runoff quality (TSS, COD, BOD, TP, TN) are shown in Table 7 . The results indicate that S1 performed better in reducing pollutant loads than S2 and S3. With an increase in the return period from the 5-year to 100-year event, the ability to remove pollutants decreased. For example, decreases in pollutant loads for S1 changed from 62.72% to 53.61% for TSS, from 62.66% to 53.59% for COD, from 62.72% to 53.62% for BOD, from 62.98% to 53.73% for TN, and from 62.97% to 53.75% for TP. The observed decrease was similar for each contaminant and was similar between all three scenarios. For instances, in S2, reductions in loads change from 29.30% to 27.10% for TSS, and from 29.12% to 27.02% for COD, whereas for S3 the reduction changed from 11.17% to 8.01% for TSS, and from 10.84% to 7.8% for COD.
In summary, S1 and S2, which used more LID measures, performed well with regards to the removal of pollutants. In addition, the pollutant removal was similar between the scenarios as return period increased. Some researchers have argued that once TSS pollution is controlled, the other pollutants (COD, BOD, TP, TN) in the SPCTG should also be reduced because these pollutants are strongly associated with fine-grained, chemically reactive solids [17, 18] .
Minimum Cost and Cost-Effectiveness Analysis by SUSTAIN
In order to determine the minimum cost and maximum benefit of the SPC design options, the different combinations of LID were assessed. This study selected the annual reduction in flow volume for a 10-year, 24-hour event as an evaluation factor (as described in more detail below). The amount of reduction was based on the results of the SWMM simulation (Table 4a ) and equivalent function (1) . The control target is a 35% reduction in the annual flow volume for S1, and a 26% reduction for S2, or a 29% reduction in the peak discharge for S1 and a 41% reduction for S2 (Table 4c ). The analysis was only conducted on S1 and S2 because S3 only consisted of one type of LID, green land. Thus, no optimization is needed. The characteristics and optimization parameters of the LID used in S1 are shown in Tables 6 and 8 . The result of the minimum cost analysis is $288,695 for S1 and $473,278 for S2 (Figures 8 and 9 ). As previously mentioned, the investment into (cost of) S1 was $394,000. Green Roof  12  12  46  10  25  5  Grass Swale  3  20  92  10  80  10  Rain Garden  20  25  185  5  25  5  Vegetated  18  20  138  20  50  10  Permeable  Pavement  8  15  31  25 Based on the decision tables, the target value for the cost-effectiveness analysis was assumed to range between 0 and 100 with a 100 m 3 s −1 threshold. The search stopping criteria were set as 400 for the maximum number of iterations. The target value range is from 0 to 100%. The cost-effectiveness results for S1 and S2 are shown in Figures 10 and 11 . The results indicate that the cost should be $1.37M for S1 when the annual flow volume reduction target was the 37%, and $0.85M for S2 when the annual flow volume reduction target of 28% is met. In addition, the ratio of each LID method used in the various iterative combinations can be acquired (e.g., for S1 in Table 9 ). The ratio is very helpful because it allows decision-makers to adjust the size of the LIDs used. 
Discussion
The SPCTG emphasizes small rainfall events. It primarily addresses infiltration and non-point source pollution abatement issues by controlling the runoff volume during precipitation events ranging from 5 to 35 mm [19] . It is less concerned about urban flooding and riverway erosion prevention. However, based on the primary intent of the SPC concept, conservation of the local ecology/ecosystem is very important. Wang et al. (2015) [19] pointed out that controlling the runoff of a precipitation event with a 10-year return period provides a higher level of runoff control than specified in the SPCTG because it not only addresses infiltration and non-point pollution abatement but preserves the riverway and various types of infrastructure required for the protection of the ecological environment. The reduction of flows for less frequent events will be more difficult to achieve. For example, the required reduction in peak flow discharge for a 10-year event may be only 70-80% of the peak flow reduction needed for an event with a 25-year return period. Specifically, while the 10-year event is significant, achieving the desired results is considered possible. Thus, we selected the 10-year return period for use in the SUSTAIN optimization module.
Based on the SWMM simulation of a 10-year event, the volume reduction was 37.78%, 28.15%, and 10% for S1, S2, and S3, respectively; the peak flow reduction was 28.56%, 41.30%, and 51.98% for S1, S2, and S3, respectively (Table 4 ). All three schemes, then, meet the SPCGL requirement, especially S1 (the original completed project). However, it still exhibits weakness related to flooding, and ecological preservation, as S3 and S2 performed better at mitigating peak flows and reducing the impacts of flooding. Based on the combination of LID methods for each scheme, the vegetated measures such as rain gardens, bio-retention methods, and green land contribute more to reducing flooding than permeable pavement.
Average changes in water quality after construction compared to before construction were 3.07 mg L −1 to 40 mg L −1 for TSS; 21.09 to 25 mg L −1 for COD; 3.88 to 2.00 mg L −1 for TN, and 0.93 to the 1.0 mg L −1 for TP. With the exception of TP (in which concentrations after and before construction are similar), SI resulted in slightly less COD in the runoff and significantly less TSS in the runoff than observed in the historical data. However, TN concentrations after project construction were almost double. One of the reasons is the fertilizers application to plant. The results indicate that SPC design should be based on site-specific conditions and needs. If the water is relatively clean onsite, then more plants may lead to higher levels of TN.
With regards to the simulations conducted during this study, the calibration of water quality is acceptable ( Figure 7) . As previously mentioned, the LCTIP is located on the terrain classified as type M1, the 1st industrial land where runoff quality control is a significant issue. Based on the simulation results for a reduction in pollutant loads, S1 and S2 performed better than S3. For example, the reduction in TP during a 10-year event is 60.73% for S1, 28.48% for S2, and 9.63% for S3. The reductions in loads for each of the contaminants examined herein were similar to the trends observed for TP between the three schemes (Table 7 ). These data indicate that mixing LID methods can perform well with regards to pollutant removal. Moreover, it demonstrates that there is a high degree of correlation between the behavior and removal of many common contaminants (TSS, COD, BOD TN, TP). This conclusion is consistent with the argument in the SPCTG that if TSS is controlled, then other contaminants should also be controlled.
Based on the field monitoring data collected between 3 March and 7 December 2017, four runoff contaminants (TSS, COD, TN, TP) have been significantly mitigated in response to the use of the SPC design shown in Figure 6 . In Figure 6 , A1 and A2 are inlet points, whereas B1, B2, B3 are outlet points from an area containing dry-land plants, mesic water plants, and fully aquatic (pond) plants. D is the final outlet point where all runoff has flowed through the LID measures. TSS, TN, and TP exhibited lower concentrations than COD. The runoff was light polluted on site. The increase was likely caused by rain gardens and water ponds. After going through the LIDs, the final COD decreased to relatively low levels.
The optimization analysis shows significant differences between the three schemes, although all three designs met the ACRC requirement set in the SPCTG. As previously mentioned, the 10-year event is very significant for the SPC concept; thus, we selected the evaluation factor (a reduction in flow volume), with a 10-year return period for the SPC optimize analysis. The optimization is mainly based on changing various combinations of LID measures toward the control target/evaluation factor; thus S3 was excluded from the optimization analysis.
To compare minimum cost (Figures 8 and 9 ) to the original cost (Table 1) , for S1 the original cost was $329,462, whereas the minimum cost was $288,694, saving 12.3%; but for S2, the original cost was $535,415 while the minimum cost was $473,278, saving 11.6%, respectively.
Based on the cost-effectiveness (Figures 10 and 11) , the threshold point for S1 is 58% of volume reduction with a cost of $2.4M. To compare the assumed 10-year event, when runoff reduction is 39% (38% for the 10-year event, Table 4), the cost or potential alternatives is $1.31-$1.46M (the range shown as red square, the optimal point shown as green circle in Figures 10 and 11) ; it saves 11.5% ($0.15M). The corresponding ratio of the various LIDs is listed in Table 9 . The relative percent of the area comprised of rain gardens has increased from 6% to 76%, whereas the relative percent of the area covered in permeable pavement decreased to 8% from 42% in the original alternative by the cost-effectiveness analysis.
Similarly, for S2, the threshold is 50% of volume reduction with a cost of US$2.5M. When the reduction is 29%, the cost is about $0.96-1.1M. At this point, it saves 14.5% ($0.14M). Obviously, the relative percent of the area comprised of rain gardens reached 70%, well above the 1.92% of the original design. The percent covered by green roofs decreased from 13% to 6%, whereas the percent covered by green land declined from 11% to 6%.
The analysis is helpful for decision makers to adjust the type and size of the LIDs used in the design while minimizing project costs. However, the change in the relative use of the various LID methods should be in accordance with project-specific goals. For example, an increase in rain gardens and a decrease in the permeable pavement will likely result in a decrease in the area available for vehicle transportation. Another issue is the need to balance the areas of the landscape that are desirable to build on, with the amount of money needed to build and construct LIDs. The present study proposes a process of optimization for the SPC and provided a potential method to adjust the LIDs used in the design.
Admittedly, the optimization may vary with the use of different evaluation factors and targets. As previously mentioned, several evaluation factors can be selected. It should depend on the SPC design goals. For example, Huang and Zhang (2016) use the removal of 80% of TN and TP as targets to evaluate the SPC [20] . In upstream or public water bodies, the runoff pollutant should be strictly controlled. Moreover, the analysis/design goals should detail what types of constituents need to be controlled (e.g., TSS, TP, TN, COD, BOD), and at what level, rather than rely on an average control level. As previously discussed, S1 can reduce 53% of pollutants on average based on simulation. However, the level of TN removal is 24%, which is lower than the average level.
Normally, according to China meteorological statistics, the annual average precipitation is 660 mm in the north and 1200 mm in the south of China. Northern cities in China exhibit a shortage of water, whereas southern cities exhibit a shortage of good quality water. Therefore, SPC design targets should be distinguished on the basis of local meteorological, hydrologic and geologic factors. Relying on only the ACRC requirement for SPC design is insufficient.
It is very important to conduct field monitoring at constructed sites to accumulate data and develop analytical methods that will help to localize the applications for different cities in China. The application is very similar to the construction of the BMP database in the USA [21] . Therefore, the method of localizing the model is a future research question.
Conclusions
China initiated an SPC design and construction method in 2013. Thirty cities in various provinces have been selected as state pilot projects. The SPC design's main focus is to reach a specified ACRC value regulated by the SPCTG. However, additional controls are needed to improve to the concerns of flood prevention and infrastructure damage inherent in the concept of an SPC. These additional controls need to be aligned with the complex geology and varied meteorology conditions of different areas of China.
This paper presents an approach to optimize SPC design alternatives, in addition to attaining the SPCTG requirement. It fully considers the concerns inherent with an SPC. The method focuses not only on changes in runoff quantity, as described by flow volume, peak flow magnitude (discharge), and infiltration, but also on runoff quality (e.g., expressed by TSS, COD, BOD, TP, and TN).
The approach improved the SPC design from focusing on frequent events where infiltration control was the primary concern to events with a longer return period (e.g., the 10-year event) in which flood control was addressed. In addition, based on different evaluation targets and evaluation factors, it can optimize the SPC design through a minimum cost and cost-effectiveness analysis. LCTIP, a SPC project, was chosen as a test scenario. Three schemes that met the SPCTG guidelines were analyzed with 5, 10, 20, 50, and 100-year stormwater return periods.
The three schemes included the original scheme that was actually implemented, a landscape improvement scheme and a minimum cost scheme. The original scheme was completed in July 2016. Water quality runoff from the site was monitoring between March 2017 and December 2017. The results indicate that while all three design options met the ACRC control set in the SPCTG, the designed can be optimized by using selected design targets for cost-effectiveness, which determines the combination of LID measures that require the least financial resources and that produces the greatest benefit. For example, in comparison to the original option, the minimum cost analysis demonstrated that optimal alternative for S1 can save 12.3%, and 15.7% for cost-effectiveness; S2 can save 11.6% for the minimum cost analysis and 4.1% for cost-effectiveness when considering events with a 10-year return period. In addition to these cost-benefit data, the approach provides the corresponding combination LID methods for the SPC, which will help decision makers adjust the SPC design. The approach possesses significant implications to the practical implementation of the SPC program because China is currently investing hundreds of billions of RMB on SPC construction annually.
The collection of site data is very important to the calibration and verification of the SWMM and SUSTAIN models used in the analysis. Thus, it is argued that such data need to be continually collected throughout China.
